This study compared three procedures&mdash;the MantelHaenszel (MH), the simultaneous item bias (SIB), and the logistic regression (LR) 
between the ability variable and the group variable. In fact, the MH procedure can be conceptualized as being based on the LR model in which the ability variable is treated as discrete and no interaction between the ability variable and group membership is permitted. The LR procedure is therefore expected to improve on the MH procedure for detecting nonuniform DIF. Previous research has shown that the MH, SIB, and LR procedures are equally effective in the identification of uniform D~ (Ackerman, 1992;  Narayanan & Swaminathan, 1994; Rogers & Swaminathan, 1993a ; Roussos & Stout, 1993; Swaminathan & Rogers, 1990) . Swaminathan & Rogers (1990) Rogers, 1990 Li & Stout (1993) termed these two types of DIP &dquo;nondirectional&dquo; and &dquo;unidirectional,&dquo; respectively. Using simulated data, Rogers & Swaminathan (1993a) showed that although the MH procedure is capable of detecting ordinal or unidirectional D~, it is not capable of identifying disordinal or nondirectional 1~I~. The LR procedure can adequately identify nondirectional DIP because it includes a term for interaction between group membership and ability. The major advantage of the LR procedure is that it can be expanded to condition on more than one ability variable. Recently, a modification of the SIB procedure, known as crossing-SIBTEST (CRO-SIB), was developed (Li & Stout, 1993) . CRO-SIB is designed to detect nonuniform DIP and has the potential for conditioning on more than one ability variable. However, the CRO-SIB procedure has not been studied extensively. Also, to date, there have not been any studies comparing CRO-SIB with MH and LR. Given the possibility that it could be superior to the MH and LR procedures in some situations, a detailed investigation of the three procedures is important and timely.
The main objectives of this study were: (1) to investigate and compare the Type I error rates and power of the MH, CRO-SIB, and LR procedures, and (2) to determine the conditions under which each procedure is optimal for detecting nonuniform DIF. of the DIF Statistics
The ant~l-~~nszel Procedure
The MH procedure (Holland & Thayer, 1988) compares the probabilities of a correct response in the focal and reference groups for examinees of the same ability as reflected in total number-correct score. The group an item is suspected of favoring is referred to as the reference group; the group in which an item is suspected of differentially functioning is called the focal group. In order to compare the probabilities of a correct response, item response data for the reference and the focal group members are arranged into a series of 2 x 2 contingency tables. One table is constructed for each test item to accommodate group x item response at each score level. In all, K 2 x 2 contingency tables are constructed, where K is the number of unique scores for the test. The 2 x 2 contingency table for the ith item and jth score level is shown in Table 1 .
The null DIF hypothesis is that the odds of correctly answering the item at a given score level j are the The SIB procedure (Shealy & Stout, 1993) (Shealy & Stout, 1993) . Therefore, if differences in ability distributions of the reference and focal groups exist, a model-based adjustment known as the regression correction is used on the means of P. and Y,,,.
According to Shealy & Stout (1993) (Bock, 1975 (Mazor, Clauser, & Hambleton, 1992;  Rogers & Swaminathan, 1993a;  Swaminathan & Rogers, 1990 Shealy & Stout, 1993 The impact of differences in underlying ability distributions was investigated by examining two different conditions. In the first case, ability distributions for the two groups were set to be equal with mean 0.0 and standard deviation (SD) of 1. In the second case, the mean was set to 0.0 and -1.0 for the reference and the focal groups, respectively, again with both SDs set to 1. Distributions that differed by 1 SD were selected to simulate cases sometimes found in DIF studies (e.g., Hambleton & Rogers, 1989) . Because the proportion of DIF items can contaminate the conditioning variable, the proportion of items containing DIF was set at three levels: 0%, 10%, and 20%. DIF effect size was manipulated using the area between the ms for the two groups as the measure of DIP effect size. The area between the IRFs for the two groups can be computed using the formula given by Raju (1988) . Four levels of DIF effect size corresponding to area values of .4, .6, .8, and 1.0 were selected to reflect DIF effect size values ranging from a small amount of DIF to a fairly large amount of DIF.
I
Nonuniform DIF was simulated by keeping the difficulty parameters for the two groups the same and varying the discrimination parameters (as) for the two groups (see Table 2 ). 16 (Kingston, Leary, & Wightman, 1988) . The c parameters for all items were set equal to .20. Simulation procedures. Data for the study were simulated according to the three-parameter logistic model using the program DATAGEN (Hambleton & Rovinelli, 1973) in order to determine the viability of the three methods in identifying the 16 nonuniform DIF items described above. Nonuniform DIF was simulated by selecting different a parameters for the two groups and keeping the bs the same for the two groups. The DIF statistics values forMH andt,tt were obtained using the program DICHODIF (Rogers & Swaminathan, 1993b) . The CRO-SIB statistics values were obtained using the program CSIBTEST (Li & Stout, 1994a , 1994b . The item parameter values for the 16 nonuniform DIF items are shown in Table 2 and those for the non-DIF items are shown in Table 3 . Holland & Thayer (1988) was used. In the first stage, the total score based on all items was used as the Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 
Results
The ANOVA results presented in Table 4 show that for all three procedures, three of the five factors-N, type of item, and DIP effect size-had significant main effects at a = .05. In addition, several two-way interaction effects observed were common for the three procedures. These were hl x ability distribution, type of item x ability distribution, ability distribution x DIF effect size, proportion of DIP (% DIP) x DIP effect size, and type of item x t~I~' effect size. For MH, there were interaction effects for N x type of item and % DIF x type of item. E'ffect of ability distribution differences. For all three procedures, the detection rates were higher when examinees were sampled from the equal ability distribution than from the unequal ability distribution (see Table 5 ). Although the differences in detection rates for the two types of distributions were only approximately 2% to 3% for MH and CRO-SIB, they were much higher (approximately 14%) for LR. For example, at a = .05, for the unequal .ability distribution, the detection rates decreased from those of the equal ability distribution from 40% to 38% for MH, from 69% to 66% for CRO-SIB, and from 70% to 56% for LR.
For all three procedures, Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ The Type I error rates for MH were well within expected limits, and higher than expected for CRO-SIB and LR (10.5% and 9.9% for a = .05). For all three procedures, the Type I error rates were higher for highly discriminating items.
Effect of DIF effect size. The detection rates for the three procedures steadily increased as area values increased from .4 to 1.0. The lowest detection rates were observed for MH, which ranged from 23% to 50% when the area value increased from .4 to 1.0 for = .05. For CRO-SIB, they ranged from 44% to 83%; forLR, they ranged from 38% to 80%. Table 4 shows the results of 10 two-way interaction effects between the five factors. Therefore, care is needed in interpreting the main effects of the ANOVA in view of the significant two-way interactions between the factors. Tables 6 and 7 show mean detection rates for four of the significant interactions.
Effect of ability distribution x N. Table 6 shows that as hl increased, the detection rates for all three procedures increased for the equal as well as the unequal ability distribution. The lowest detection rates were obtained for MH under both conditions. The detection rates for all three procedures were higher for the equal ability distribution than those for the unequal ability distribution. At a = .05, as N increased the detection rates for the equal ability distribution increased from 34% to 45% for MH, from 59% to 79% for CRO-SIB, and from 58% to ~1% for LR. For the unequal ability distribution, the detection rates increased from 27% to 43% for MH, from 57% to 79% for CRO-SIB, and from 46% to 69% for LR as N increased. The interaction between l~ and ability distribution showed a decrease in the detection rates for the unequal ability distribution of 7% for MH, 2% for CRO-SIB, and 12% for LR for I~I~ = 500 and hJF = 200, and 2% for MH, 0% for CRO-SIB, and 12% for LR for NR = 1,000 and Np = 500 from the detection rates for the equal ability distribution. Effect of ability distribution x type of item. Table 6 also shows the interaction between ability distribution and type of item for the three procedures. Several trends were evident from the data in Table 6 (Table 7) show that the detection rates for CRO-SIB did not differ much for all types of items as the Figure la shows that the level of adjustment for a = .05 is to set it to a = .03 for both procedures. Figure 16 shows that the impact of the equal and unequal ability distributions on the Type I error rates of the two procedures was different. Although the Type I error rates were only slightly inflated for the two procedures for the equal ability distributions, they were much higher for the unequal ability distributions. For the equal ability distribution, the level of adjustment for a = .05 is to set it to a = .034 for CRO-SIB and to a = .04 for LR (see Figure lb) . For the unequal ability distribution, the level of adjustment for a =.05 is to set it to a = .022 for CRO-SIB and to a = .025 for the LR. These results appear to be a means to ensure that the Type I error rates are under control.
Discussion
The results indicated that overall there was high agreement between CRO-SIB Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ The results also suggest that DIP effect size can have a significant effect on DIF detection procedures irrespective of the size of reference and focal groups and the ratio of these sample sizes. For all three procedures, the detection rates steadily increased when DIF effect sizes specified in terms of the areas between the t1~'s for the two groups increased from .4 to 1.0. The lowest detection rates occurred for MH- varying between 23% and 50%. Practitioners should be aware that items showing very small amounts of DIF may go undetected, especially when the sample is small. However, it can be argued that in such cases the DIF may be so small that it would make little practical difference.
The results supported the findings of Rogers & Swaminathan (1993a) y that is, the difficulties and discriminations of the items that comprise the test significantly influenced the detection rates of DIF detection procedures. Their study comparing MH and LR showed that MH was not capable of detecting nonuniform DIF when the interaction was disordinal or nondirectional (i.e., when the IRFs of the two groups crossed in the middle of the ability distribution). Disordinal or nondirectional interactions occur with items of average difficulty. The MH statistic is a signed statistic and, thus, is sensitive to the direction of ~t~'. When the direction of DIF changes in the middle of the ability score distribution, negative differences in one part of the score distribution cancel against the positive differences in the other part. Therefore, nonuniform Dip items of this form will not be detected by MH. CRO-SIB was as powerful as the LR procedure in detecting ordinal and disordinal interactions under most of the studied conditions. For the two types of items included in this study for which the interactions were ordinal (when the IRFS for the two groups crossed at the lower or upper end of the ability distribution), the performance of MH was comparable with the other two procedures.
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